Context: Medicinal plants contains some pesticidal activities that may control stored product insects.
Introduction
Annual post-harvest losses resulting from insect damage, microbial deterioration and other factors such as humidity, temperature, aeration and cleanliness of the bulk storage, are estimated to be 10-25% of production worldwide (Mohan and Fields 2002) . However, insects are the main problem in stored grain because they reduce the quantity and the quality of grains (Madrid et al. 1990) . Insect pest control in stored food products relies heavily on the use of gaseous fumigants and residual chemical insecticides. The continual use of these synthetic insecticides has led to the development of pest strain resistance (Riebeiro et al. 2003) .
Several plant species are known for their insecticidal activities (Klocke 1989) . The insecticidal potentiality of many plant derivatives against stored-product insect pests has been demonstrated (Abubakar et al. 2000 , Fields 2006 , Pascual-Villalobos and Fernandez 1999 , Tripathii et al. 2002 . Azadirachtin extracts from the Indian neem tree (Azadirachta indica) (Jilani and Saxena 1990) and pyrethrum from Chrysanthemum cinerareafolium (Head 1966) have received the most attention.
Vitex negundo L., a large aromatic shrub with bluish purple flowers is native to the tropical and semi-tropical countries, found in moist areas, often on banks of rivers throughout India, Bangladesh, Sri Lanka, Burma, China, Philippines, Malaysia, Tropical Africa, Afghanistan, Madagascar and Pakistan (Anonymous 1992, David et al. 1988) . In Bangladesh it is very common in many parts and often occurs gregariously. Leaves of nishinda possess insecticidal properties (Ahmed and Koppel 1986 , Dakshinamurthy 1988 , Morallo-Rejesus et al. 1990 , Singh et al. 1996 , Mia et al. 1985 . However, research on insecticidal activity of stem of nishinda is scanty. The objective of this work is to study the insecticidal activity of stem of Vitex negundo L.on the red flour beetle Tribolium castaneum (Herbst).
Materials and Methods
Plant collection: The barks of V. negundo were collected from the local areas of Rajshahi and were authenticated by the authority of Botany Department, Rajshahi University. The barks were sent to the laboratory where they were air-dried at room temperature for 5 days. The plant parts were chopped up into pieces and then finally powdered with the help of grinder. The powdered material 250 g each extracted respectively with methanol, ethyl acetate, acetone and chloroform. The extracts were made to stand in the dark for 3 days after which they were filtered. Solvents were evaporated using a rotary evaporator and obtained residues were redissolved in water for bioassay.
Test insect: Two hundred beetles were placed in a 500 ml beaker containing food medium covered with a piece of muslin cloth and kept in an incubator at 30 ± 0.5 0 C. After 3-5 days the collected eggs were hatched. Newly hatched larvae were then with a fine pointed camel hairbrush and shifted to the fresh food medium for culture. The larval instars were determined using the methods of Mondal (1984) . The second, third, fourth, fifth and six instar larvae were obtained from the larval culture in the 3 rd , 6 th , 9 th , 12 th and 16 th day from hatching, respectively while the newly hatched larvae were considered as first instar.
Bioassay: Test the mortality rate of adult T. castaneum of CTC-12, FSS-II and KANO strains, residual film method (Busvine 1971) was applied. When the solvents were completely dried up, few adult of (3-5 days old), CTC-12, FSS-II and KANO strains of T. castaneum were released within petri dish separately. Five doses each five replications were taken. A control group was maintained in which only solvent was used. For larvae, from each dose 0.2 ml of liquid was dropped in glass vial (25 mm) and kept open for a few minutes to dry up the solvent leaving only the extracts. Then 2.0 gm of food was added and 10 larvae were released in each vial. Three replications were made for each dose. A control batch was maintained for each treatment where only the solvent was used. The adult mortality was recorded 24, 48 and 72 h after treatments. The doses were calculated by measuring the dry weight of the crude extracts applied in the petri dish divided by the surface area. For larvae, the mortality was recorded on 72 and 20 th larval day after treatment.
The mortality percentage was corrected using Abbott's formula (Abbot 1925 ). The observed data was then subjected to Probit analysis according to Finney (1947) and Busvine (1971) using a software developed in the department of agriculture and Environmental Science, University of Newcastle Upon Tyne, UK.
Results
The effect of contact poisoning of four different extracts of the stem bark of nishinda on the mortality of three strains of adult Tribolium castaneum is presented in Table 1 . The toxic effect of stem bark extracts on the adult insect was varied according to insect strains and solvent types. The α 2 values with 3 degrees of freedom for all the dose-mortality tests were non significant, which reveal any significant heterogeneity for all strains of adult insect. The dose-mortality data of nishinda steam bark extracts reveal that FSS-II showed the highest adult mortality and KANO showed the lowest mortality. Solvent wise dose-mortality order of all three strains of T. casataneum were MeOH>Pet.spt.>acetone>EtOAc. In the third instars, the toxicity showed similar trends as observed in first and second instar larvae. MeOH extract showed the highest order toxicity that is followed by Pet. spt., acetone and EtOAc extracts (Table 3) .
The LD50 values reveal that the fifth instar larvae were found to be more susceptible to the toxicity of all extracts from nishinda bark. The LD50 were comparatively lower for most of the extract types than those observed for the other instars (Table 4) . 
Discussion
Most of the authors trails to assess contact toxicity of different adult pests through nishinda leaves (Tiwari 1994 , Morallo-Rejesus et al. 1990 , Dakshinamurthy 1988 , David et al. 1988 , Mannan et al. 1993 . In the present experiment, among the four solvents, MeOH yielded the highest. Plant extract yield is dependent on the chemical nature and the solubility of the components present in a defined organ of a plant. Moreover, the distribution and accumulation of particular plant product is also varied in different plant organs. Pet. spt. generally extracts oils, fats and fatty acids; EtAc extracts tarpin, alkaloids, and steroids; acetone separates dyes and some alkaloids non-soluble in ethyl acetate and MeOH extracts remaining alkaloids and acidic compounds. MeOH is polar but Pet. spt., EtOAc and acetone are non-polar solvents. Therefore, extract yielded from nishinda stem bark with MeOH may be related with the presence of higher amount polar solvent soluble alkaloids and acidic compounds (Ho et al. 1997) .
The extracts in different doses were directly applied to the adult and larval stages of T. castaneum, they became lethargic, ceased moving and feeding, and finally died. The mortality of the test insect was found directly proportional to the concentration of the extracts in the doses and exposure times. Different workers elucidated the contact toxicity of nishinda, mostly in the form of crude leaf powder on different pests. Mannan et al. 1993 , Abubakar et al. 2000 , Khanam and Khalequzzaman 2000 .Toxic effect of both crude leaf and bark extract of V. negundo against cockroach was reported (Morallo-Rejsus and Carino 1984).
Present study reveals that larval growth of T. castaneum is affected by the toxic effect of the nishinda extract. However, a variation was observed in the susceptibility as indicated from LD50 values. It is observed from the present study that younger in developmental instars of the all strains of test insect were less sensitive to the nishinda extract and the susceptibility was increased with the developmental stages. It is interesting to observe that in all extracts LD50 values are more or less similar from first to fourth instar but in the fifth instar LD50 values are certainly dropped indicating more toxic to this larval stage. This may be due to the maximum feeding stage at fifth instar larvae were apparently repelled by nishinda extracts and they do not settle and feed well. As a result, the mortality of the fifth instar larvae and adult was higher than other developmental stages. These observations on T. castaneum with nishinda extracts are concomitant to other studies on contact insecticides (Bushvine 1971), carbon dioxide (Leong and Ho 1993) , clove flower extract (Ho et al. 1996) .
Present study also elucidates that the phytotoxic effect of nishinda extract varied with the strains of T. castaneum. Among the three strains of test insect, FSS-II showed the highest degree of susceptibility to all dose-mortality tests. The susceptibility order among the test insect genotypes was FSS-II>CTC-12>KANO. Different susceptibility of these strains of T. castaneum may be due to their different genetic background. FSS-II is a malathion susceptible strain whereas, both CTC-12 and KANO are resistant to malathion (Sokoloff 1972, Lloyd and Ruczkowski 1980) . Khanom and Khalequzzaman (2000) used neem seed kernel extract and observed different mortality rate of adults among different strains of T. castaneum. The greater mortality response of FSS-II than other strains of T. castaneum to different plant extracts has also been reported (Islam 1996) .
In adult as well as larvae, the mode of action of nishinda stem bark extract is not properly known but it seems to act as chitin synthesis inhibitor. Due to its effect on the integument of larvae and adult, becomes much less extensive which might have the effect of increasing internal pressure in the body, restricting movement and hampering feeding. This may change the elasticity of the cuticle as well as the body protective mechanism and may be responsible for adult and larval death. In the contact treatment, the adult mortality is due to the physiological factor. It may cease the enzymatic secretion or hormonal secretion may causes the antifeedant tendency and the ultimate result is death.
